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Direct activation of oestrogen receptor-a by interleukin-6
in primary cultures of breast cancer epithelial cells
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Summary Interleukin 6 (IL-6) is secreted by breast tumours and shows synergistic activity with 173-oestradiol (E2), leading to increases in
reductive 17(3-hydroxysteroid dehydrogenase activity in breast cancer epithelial cells. However, the mechanisms involved are poorly
understood. Using short-term epithelial cultures established from primary breast tumours, we have examined whether IL-6 could directly
affect transcriptional activity of oestrogen reception a (ERa). Tumour epithelial cultures were established from 15 breast tumours, grown to
70% confluence and transiently transfected with a plasmid reporter containing the vitellogenin oestrogen response element and the luciferase
coding sequence (ERE-TK-LUC). Following transfection, cells were incubated with E2, IL-6, the pure anti-oestrogen ZM 182780 or
combinations of these substances for 48 h. Luciferase activity was then measured in cell lysates. E2 caused a dose-dependent increase in
luciferase expression, causing a maximum threefold stimulation at 100 pwm. In the presence of IL-6, transcriptional activity was increased by
up to 2.5-fold in ERa* cultures (11/15). In combination with E2, synergistic effects were observed with increases in luciferase activity of up to
sixfold over controls. This effect could be blocked by treatment with ZM 182780. Pre-incubation of cells with an antibody directed against the
signalling component of IL-6, gp130, was ineffective in blocking the E2 response. This antibody reduced, but did not completely block the
effect of IL-6 either alone or in combination with E2, suggesting cross-talk between the two signalling pathways. In conclusion, these results
provide evidence for direct transcriptional activation of ERa by IL-6. © 2000 Cancer Research Campaign
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The pleiotrophic inflammatory cytokine, interleukin 6 (IL-6) is transcriptional control region of target genes, thus initiating
emerging as a key factor involved in regulation of local oestrogetranscription of oestrogen-responsive genes. Two ERs have been
biosynthesis in breast tumours. It achieves this by activating thradentified, the classic ER, now known as&ERsreen et al, 1986;
principal enzyme complexes involved in oestrogen productionGreene et al, 1986) and a second receptoB, (®sselman et al,
namely, aromatase, steroid sulphatase and 17-HSD type | (Speit896). ER is highly homologous to ER at the DNA (96%) and
et al, 1993; Reed and Purohit, 1997). Both the IL-6 gene anligand binding (58%) domains, while the A/B domain, hinge
protein are present in breast tumours and breast primary culturesgion and F region are not well-conserved (Mosselman et al,
(Basolo et al, 1996; Green et al, 1997). Receptors for both IL-8996). Further work has indicated that in addition to homodimers,
and its signalling component, gp130, have been detected both the o and 3 receptors can form DNA-binding heterodimers
breast tumours and breast cancer cell lines (Chiu et al, 199¢6Cowley et al, 1997; Pace et al, 1997).
Crichton et al, 1996; Douglas et al, 1997). Although elevated As well as oestrogen-stimulated proliferation, the growth and
serum levels of IL-6 do not appear to affect survival in breastnetabolism of breast cancer cells is additionally modulated by
cancer patients, a recent study of 60 patients has shown raisgobwth factors/cytokines, which can be secreted under direct and
serum IL-6 in 27% of these patients compared to only 2% of agendirect regulation of 13-oestradiol (E2; Dickson et al, 1986).
matched controls (Asgeirsson et al, 1998). IL-6 is one such factor (Speirs et al, 1993; Duncan et al, 1994).
Substantial clinical, epidemiological and laboratory data showThere is evidence for cross-talk betweeroEd growth factors
that oestrogen is a potent mitogen in breast cancer. Oestrogeiith direct activation of ER in response to IL-2 (Newton et al,
action is mediated by binding to its nuclear receptor, the ER. OncE994a) and IGF-I (Newton et al, 1994 Lee et al, 1997) in
bound to ligand, ER dimerization occurs and the resulting homoERa-positive breast and pituitary cell lines. Related to these
dimer then binds to oestrogen response elements (ERES) in tbhbservations, IL-6 has recently been shown to activate the
androgen receptor in another hormone-sensitive cancer, prostate
cancer (Hobisch et al, 1998).
Previously, we have shown that IL-6 strongly synergizes with
E2, leading to increases in reductivé3d#droxysteroid dehydro-
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respond to IL-6 while E& cells were refractory to IL-6-mediated 400+ -
growth inhibition (Chiu et al, 1996). Based on these findings, wi — T
hypothesized that IL-6 may regulate activity of ER breast I 7V 182780 ’:E
cancer. Therefore, the aim of the present study was to determi < 3007
whether IL-6 could directly affect transcriptional activation of 3 *
ERa using short-term primary cultures of human breast cance %
epithelial cells as an in vitro model. S 200
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METHODS
Cell culture 0-!

Ctl 107 1072 107" 107 107° nsDNA

Breast tumoursn(= 15) were acquired directly from surgery and 17p-oestradiol (M)
dispersed overnight in 0.1% collagenase type Il (LifeFigure1 Effect of increasing concentrations of 17B-oestradiol on luciferase

Technologies, Paisley, UK; Speirs et al, 189@&\ll tumours were activity in breast cancer epithelial cells and its antagonism by ZM 182780.
’ ' . ! L ns DNA = plasmid lacking the ERE reporter. Each data point represents the
from post-menopausal pa_lt_|ents and of dugtal origin and gradeSmean + s.e.m. *P < 0.05, *P < 0.002 vs. control (Ctrl)
or 3. Eleven were positive for BR Ethical approval was
obtained and all patients gave informed consent. Epithelial cells
were isolated from the digest by differential centrifugation

followed by culture in selective media (Speirs et al, 1998). ThesELISA
cells have previously been characterized by immunostaining.evels of IL-6sR were quantitatively determined in conditioned
flow cytometry and genetic analysis and those derived frooER medium (CM) by sandwich enzyme-linked immunosorbent assay
tumours retain functional ER in vitro (Speirs et al, 1998098).  (ELISA) (Boehringer Mannheim, East Lewes, UK). Breast cancer
Because of the reported weak oestrogenic effects of phenol regithelial cultures from ten breast tumours were grown to 70%
indicator found in standard tissue culture medium (Berthois et akonfluence, then incubated for 72 h with serum-free medium. CM
1986), cultures were established in phenol red-free mediunyas collected, centrifuged at 1000 rpm for 5 min to remove any
supplemented with 100 U milpenicillin, 100pg mf* strepto-  particulate matter and stored at 28Quntil analysed according to
mycin, 2 nm glutamine, 10 m HEPES, 0.075% bovine serum the manufacturer’s instructions. The intra- and inter-assay vari-
albumin (BSA) (all Life Technologies), 10 ng ththolera toxin  ances were < 6% and < 12% respectively, with a sensitivity of
(ICN Biomedicals, Oxon, UK), 0.ag mi* hydrocortisone, ig 20 pg mt* and the assay was not influenced by IL-6 up to
ml~* insulin and 5 ng mt epidermal growth factor (EGF) (all 500 ng mt'. To correct for differences in growth rates of cultures
Sigma, Poole, UK). All subsequent experiments were conductegstablished from different tumours, cultures from which the CM
in this medium. was collected were trypsinized and counted and the OD reading
obtained for IL-6sR divided by cell number.

Transient transfection Statistical analysis

Freshly isolated epithelial cells were grown to 70% confluencey|| experiments were repeated in triplicate. Statistical analysis
(achieved after 3-5 days in vitro) in 6-well plates and transientlyy 55 performed using the Arcus software package for Windows
co-transfected using the cationic lipid, Lipofectamine (Life (Research Solution, Cambridge, UK) on pooled data from indi-
Technologies), with §ig of pSV B-galactosidase plasmid yiqual cultures. The two-tailed Mann—WhitnBytest was used to

(Promega, Southampton, UK) and a plasmid reporter containingst the difference between groups. Results were considered to be
the vitellogenin ERE and the luciferase coding sequence (EREsignificant atP < 0.05.

TK-LUC; Meyer et al, 1994) for 4 h at 3Z. Transfected cells

were then incubated with either E2, IL-6 (10 ng'mGenzyme,

West Malling, UK), the pure anti-oestrogen ZM 182780 (), n RESULTS

anti-gp130 antibody (R&D Systems, Oxford, UK) or combina- . L

tions of these substances. Appropriate positive (MCF-7 ceIIsSterOIdaI activation of ER - a
stably transfected with ERE-TK-LUC) and negative controlsAddition of E2 to ER* breast cancer epithelial cells transfected
(primary cultures transiently transfected with a plasmid lackingwith an ERE linked to a luciferase reporter gene caused a dose-
the ERE) were set up in parallel. After 48 h, cultures were lysedependent increase in luciferase activity. A maximum threefold
and luciferase and3-galactosidase activities were measured.stimulation was observed at 10@ pFigure 1). This is consistent
Luciferase activity was determined using a Report-a-Gene kiwith activation of ER. To determine whether ERwas directly
(Labtech International, Uckfield, UK) according to the manufac-involved in increasing transcriptional activity, parallel cultures
turer’s instructions and quantified in a luminometer (Labtechwere incubated with the pure anti-oestrogen ZM 182780, which
International).3-galactosidase activity was measured by spectroacts as an oestrogen antagonist. This completely abrogated the
photometry at 420 nm. For each sample, luciferase activity wasffects of E2 (Figure 1). No effects of E2 or anti-oestrogen were
corrected fof-galactosidase activity and the final result expressedbserved when similar cultures were transfected with a plasmid
as percentage of untreated control. All experiments were repeatedctor lacking the ERE, confirming the specificity of E2 for the

in triplicate. response element.

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(7), 1312-1316



1314 V Speirs et al

750 *

IControl 7507
l [ Control
ZM 182780 il
_— - 130 T

S S

2 500 2 5004

= >

E i E *

Q Q

%] 2]

I I

9] bl 9]

S 250 S 250 * i

- -

BT i [ L1 | il i
Ctrl E2 IL-6 E2+IL-6 ns DNA Ctrl E2 IL-6 E2+IL-6 ns DNA

Figure 2 Representative graph illustrating the mean effects + s.e.m. of E2 Figure 3  Effects (mean + s.e.m.) of gp130 alone or in combination with E2
(100 pm) and IL-6 (10 ng mi-*) alone or in combination and the antagonistic (100 pm) + IL-6 (10 ng mI*) on luciferase activity in breast cancer epithelial
effects of ZM 182780 (10 nm) on luciferase activity in breast cancer epithelial cells. ns DNA = plasmid lacking the ERE reporter. *P < 0.05, **P <0.002 vs.
cells. ns DNA = plasmid lacking the ERE reporter. *P < 0.002, **P < 0.05 vs. control (Ctrl)
control (Ctrl)
Activation of ER o by IL-6 and the effect of anti-gp130 between IL-6 and E2 in regulating the reductive pathway of the

steroid converting enzyme, 17-HSD type | (Speirs et al, 1993), and

Transcriptional activation of ERRwas also observed in response to an association of IL-6 with other enzymes involved in modulating

IL-6 (10 ng mt?Y), although the effect was much more modest,

. . . local oestrogen biosynthesis (Speirs et al, 1999).
typlcally_ about tw_o-thlrds O.f t_he E2 response (Figure 2). No As predicted, transcriptional activation of Ras observed in
further increases in transcriptional activity in response to IL-6

were observed by increasing the concentration of this cytokine to_raesponse to E2. This was only observed iiE€ultures (L1/15),

. o icati h i f i i
maximum of 25 ng mt (data not shown). As shown in Figure 2, indicating the requirement of ligand bound receptor to interact

when E2 (100 g) and IL-6 (10 ng mf) were added in combina- with the ERE. An increase in transcriptional activity from the same

. h . . . . reporter was also observed in response to IL-6, although icall
tion, additive effects were observed with a sixfold increase in tran- P P gh typically

S o i o only about two-thirds of the levels observed with E2 were
scriptional activity. Addition of ZM 182780 significantly reduced . o . . i
the additive effects observed when E2 was combined with IL- achieved. Again this was only evident in ells. When IL-6

Pre-incubation of cells with an antibody directed against gplS@)1 Bgersé d v%irzet?r;g;ﬁgki)? ttlfiilwzgdr:g/c?ﬁgtl %rg\;/lisgléwiﬁ;((:tser_were
was ineffective in blocking the E2 response and reduced but did ) P

. -~ Imental approaches were undertaken. First, the pure anti-oestrogen
not cc.Jmp.Ieter. block the effect observed with IL-6 alone or "NzM 182370 was added as an antagonist to E2. Incubation with ZM
combination with E2 (Figure 3).

182370 blocked the effect of E2, either alone or when combined
with IL-6. Unexpectedly, the anti-oestrogen also blocked the
Production of IL-6sR by breast cancer epithelial cells stimulatory effect of IL-6 added alone, suggesting that the effect of

A soluble form of the IL-6 receptor, IL-6SR, has been describe”f-6 may be independent of its receptor. To address this, the

T . signalling component of the IL-6 receptor, gp130, was blocked
\év:kll:;mlgs C?k:l;rarsést%nostgegfkrlll(_)gn ir?yts:;]: Sb?(l?:l?catle C:F;tt%rslésing specific antibodies. The IL-6 receptor consists of an 80 kDa
(Mackiewicz et al 1%95) Therefore, IL-6SR was me%sured)i/n C |ganq-binding dom.ain (gp80) and.a .130 kD.a. signal-tra}ngducing
samples coIIectéd frorﬁ the epit’helial cultures. IL-6sR waﬁPrOtem (gp130) Whlch lacks “".6 binding actnwtyz Association O.f
detected in all cultures, which produced a mearll 41.12 pgy ml |ge_1nd-_bound _gp80 with gp1_30 IS necessary for_ signal _transductl_on
IL-6sR (equivalent to 216 6 pg MI10° cells: range 9 i—50 2) which is mediated by tyrosine kinases of the janus kinase family

s e . T : -7t (Jaks) and STAT transcription factors (Kishimoto et al, 1992).
Although no statistically significant differences in production of

IL-6sR were observed between &Rand ERx~ cultures, there was When the IL-6 receptor was _blocked'vx'nth antl_-gp_1_30 "f‘m'_bOd'eS
. ; . the effect of IL-6 on transcriptional activity was inhibited; this had
a suggestion of a trend for increased IL-6sR production by tho

which were ER* fo effect on transcriptional activity of E2. The antibody also
’ reduced, but did not completely block the cumulative effect of
IL-6 and E2. Although the residual activity was less than that
observed with E2 alone, this is probably mediated by E2 rather
DISCUSSION than IL-6 as blocking the gp130 signal transducer would prevent
Using short-term primary cultures of breast cancer epithelial cellthe formation of gp130 homodimers necessary for IL-6 signalling.
transiently transfected with the ERE-TK-LUC reporter plasmid as The presence of mRNA and protein for the complete IL-6
an in vitro model, this study has identified IL-6 as an activator okignalling system, i.e. peptide and gp80/gp130 receptors has been
human ER at the level of gene transcription. Further, althoughshown previously in human breast cancer biopsies (Crichton et al,
the signalling pathway of IL-6 is divergent from that of E2, this1996; Douglas et al, 1997; Green et al, 1997). A 55 kDa soluble
cytokine showed additive effects on transcriptional activity wherform of gp80, known as IL-6sR, also exists. This is found in
combined with steroid. Our results complement and extend owerum, is released into culture medium by the breast cancer cell
previous work, which demonstrated additive/synergistic effectdine, MCF-7 and can be regulated by steroids and cytokines,
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including IL-6 (Singh et al, 1995). By ELISA, we showed IL-6sR Chiu JJ, Sgagias MK and Cowan KH (1996) Interleukin 6 acts as a paracrine
was also produced by our primary cultures. IL-6 can bind to growth factor in human mammary carcinoma cells li@ Cancer Reg:

. . .. L 215-221
lL-GSR aggmentmg its activity (Mackiewicz et al, 1995). The Crichton MB, Nichols JE, Zhao Y, Bulun SE and Simpson ER (1996) Expression of
combination of these agents has been shown to enhance the tanscripts of interleukin-6 and related cytokines by human breast tumors,
cytostatic effects of IL-6 on T47D cells (Novick et al, 1992). By breast cancer cells and adipose stromal déts Cell Endocrl18 215-220
demonstrating the presence of IL-6sR in breast primary culture§owley SM, Hoare S, Mosselman S and Parker MG (1997) Estrogen receptors

. . . . _ andf3 form heterodimers on DNAI Biol Chem272 19858-19862
tahrltsj E‘;y potentiate the interactive effects observed between IL gickson RB, McManaway ME and Lippman ME (1986) Estrogen-induced factors of

breast cancer cells partially replace estrogen to promote tumour growth.
When considered individually, E2 and IL-6 use different  science32 1540-1543
signalling pathways, which seem to be unrelated. While E2 bindBouglas AM, Goss GA, Sutherland RL, Hilton DJ, Berndt MC, Nicola NA and
to either ERr or ERB, both members of the steroid receptor super- Begley CG (1997).Expression and function of members of the cytokine
family, with subsequent transcription via EREs, Jaks and STA receptor superfamily on breast cancer céliscogend.4 661-669 =
y: o a . p ) _ ! TZJuncan LJ, Coldham NG and Reed MJ (1994) The interaction of cytokines in
transcription factors mediate IL-6 signalling. However, the results  regulation of 1p-hydroxysteroid dehydrogenase activity in MCF-7 cells.
of this study have shown there are clearly interactive effects. This J Steroid Biochem Mol Biel9: 63-68
Comp|ements a recent Study in prostate cancer where anotHé}ﬂtanini G, Campani D, Roncella M, Cecchetti D, Calvo S, Toniolo A and Basolo

. - F (1999) Expression of interleukin 6 (IL-6) correlates with oestrogen receptor
member of the steroid receptor superfamily, the androgen receptor, i human breast carcinor J Canceidt: 575-584

was also activated by IL-6 in reporter gene assays (HOb|SCh et @reen S, Walter P, Kumar V, Krust A, Bornert JM, Argos P and Chambon P (1986)
1998). Also in these assays, IL-6 showed synergistic activity with  Human oestrogen receptor cDNA: sequence, expression and homology to
glucocorticoid via activation of the IL-6 response element on arat  v-erb-A.Nature320: 134-139

0(2-macroglobulin promoter (Takeda et al, 1998). This Synergy}reen AR, Green VL, White MC and Speirs V (1997) Expressign of gytokipg .

. e messenger RNA in normal and neoplastic human breast tissue: identification of
was e“hanc‘?d by the exogenous expression of glucocortlcmd interleukin-8 as a potential regulatory factor in breast tuménird.Cancer72:
receptor, which parallels the results presented here; only cells g37_941
which were ER* showed increased transcriptional activity in Greene GL, Gilna P, Waterfield M, Baker A, Hort Y and Shine J (1986) Sequence
response to E2 and IL-6. An inhibition of protein kinase (PK) A, i‘;‘goexlplfgjﬂo” of human estrogen receptor complementary Stignce231:
.PKC and MAP kinase pa t_hways _also down-regulated -6 pisch A, Eder IE, Putz T, Horninger W, Bartsch G, Klocker H and Culig Z (1998)
induced reporter gene aC“V'ty (HOb|SCh et al, 1998)* however, Interleukin-6 regulates prostate-specific protein expression in prostate
inhibitors of PKC failed to block growth factor-dependent activa-  carcinoma cells by activation of the androgen recefiamncer Re&8:
tion, suggesting multiple pathways for ligand-independent activa- ~ 4640-4645
tion of ERx (Ignar-Trowbridge et al, 1996). Other examples of Ignar-Trowbridgg DM, Pimentel M, Parker MG_, McLachlan JA and Korach K_S
l d-ind ndent activation of BRnclude IL-2 and insulin- (1996) Peptide growth factor cross-talk with the estrogen receptor requires the
!gan Independe A/B domain and occurs independently of protein kinase C or estradiol.
like growth factor (IGF)-1 (Newton et al, 1984199%). Endocrinologyl37: 1735-1744

The role of IL-6 as a modulator of reductivepiffydroxy- Kishimoto T, Akira S and Taga T (1992) Interleukin-6 and its receptor: a paradigm
steroid dehydrogenase type | activity in breast tumours has previ- for cytokinesScience25& 593-597 o
ously been shown (Speirs et al, 1993). Since this enzyme e AV, C-N Weng, Jackson JG and Yee D (1997) Activation of estrogen-receptor
K . ! . mediated gene transcription by IGF-1 in human breast cancer cells.
responsible for the production of E2, and as IL-6 can activate g, qocrinoli52 39-47
ERa, an established prognostic marker in breast cancer on whialackiewicz A, Wiznerowicz M, Roeb E, Karczewska A, Nowak J, Heinrich PC and
predictions to endocrine response and clinical outcome are based, Rose-John S (1995) Soluble interleukin 6 receptor is biologically active in

our results suggest that cross-talk between these signalling path- Vivo- Cytokine7: 142-149 ,
avs mav have clinical sianificance. This mav be particular! I,(::lt__}_l\/leyer T, Koop R, von Angerer E, Schonenberger H and Holler E (1994) A rapid
way y hav i ignii ' ! Yy particularly luciferase transfection assay for transcription activation effects and stability

vant in post-menopausal breast cancer patients where circulating control of estrogenic drugs in cell culturdsCancer Res Clin OncaR0

levels of E2 are reduced. In those patientsy BBnscription may 359-364
be activated by IL-6, which is known to be present in breasMosselman S, Polman J and Dijkema R (1996)ERlentification and
tumours (Speirs et al, 1986Reed and Purohit, 1997) characterisation of a novel human estrogen recdfi®S Lett
’ ’ ’ ’ 392 49-53
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